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Abstract 
 This report summarizes a six month effort to conceptually design, develop, and build an unmanned aerial 
vehicle to test a boundary layer data system (BLDS) developed by Dr. Russell Westphal and his team of mechanical 
engineering senior design students. The project is funded by Edwards Air Force Base and the United States Air 
Force Research Laboratory. During the first Cal Poly quarter of project work, January 4, 2010 to March 18, 2010, 
the team completed a conceptual and preliminary design. During the second quarter, March 18, 2010 to June 12, 
2010, the team completed the construction and initial flight test of the UAV.  
 During the first quarter of work, several different configurations were analyzed. The two most viable were 
a flying wing with embedded test sections and a conventional configuration with a vertically mounted test model. 
After considering manufacturing difficulties associated with the flying wing configuration, the traditional 
configuration was chosen. 
 During the construction phase of the project, two iterations were built. The first iteration was never flight 
tested but revealed some needed improvements. The considerable upgrades to the second iteration have developed a 
flyable UAV available for flight testing. 
 The final product has a flight weight of 20 pounds 5 ounces and reaches estimated speeds of 60 mph. The 
initial flight tests reached an endurance time of approximately 5 minutes. However, with an optimization of the 
power system the aircraft should achieve flight times of roughly 10 minutes. 
Mission 
 The Request for Proposal (RFP) was to develop a flexible, modular, and low-cost approach to a flight test 
platform appropriate for the testing of aerodynamic models and components. The key feature was to construct a 
flight test platform that could easily accommodate different models and instrumentation built by Dr. Westphal and 
his team. Once ready to fly the intention was to provide a cost effective means for achieving relatively accurate 
flight data. The costs required to operate the aircraft include: transportation costs to airfields, electricity to charge 
batteries, and maintenance costs. 
 Since the instrumentation requires specific aerodynamic flow characteristics, the flight platform was built 
to meet these demands. Some key features of the flight mission include fast steady level flight with flight times long 
enough to allow the device to take the proper  readings. Laminar and turbulent flow conditions were also made 
available through a sufficiently large test section with varying surface conditions. A plot of the boundary layer 
thickness can be seen in Figure 1. 
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Figure 1. Boundary layer thickness plot. 
 The BLDS has a minimum boundary layer thickness reading of 2 mm. This is shown as the red constraint 
line in Figure 1. Assuming a transitional Reynolds number of 500,000, the difference between laminar and turbulent 
flow can be seen. By achieving a maximum speed of 60 mph the design space offers both laminar and turbulent flow 
conditions over a 24 inch model chord. Another important flow characteristic for testing is the dynamic pressure. A 
plot of dynamic pressure versus flight speed can be seen in Figure 2. 
 
Figure 2. Dynamic pressure versus flight speed. 
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 In order to achieve more realistic and applicable flight test data, the highest possible dynamic pressure was 
desired. By achieving a flight speed of 60 mph, a test dynamic pressure of roughly 10 psf will be achieved. The 
aircraft has the ability to go faster but the line of sight rules associated with RC aircraft and straight level flight 
required have driven the desired flight test speed to 60 mph. With the instrumentation and model conditions 
established, several different configurations were analyzed.  
Initial Configurations 
 The next step in the process was to envision what this platform might look like. Twin boom concepts with 
horizontal test sections, flying wings with embedded test sections, semi-traditional concepts with vertical test 
sections, and semi-traditional concepts with test sections mounted horizontally on the wing tips were all considered. 
When analyzing all of these possible configurations, the team took numerous factors into consideration including: 
weight, complexity, manufacturability, durability, flying qualities, and interference of the flight platform on the 
model. These configurations can be seen in Figure 3. 
 
Figure 3. Initial configurations. 
 From the initial group of configurations two were carried on into the next round of detailed analysis. The 
semi-conventional design with the vertical test section and the flying wing with a tail were taken to the next round of 
trade studies, which can be seen in figure 4.  
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Figure 4. Shark and Flying Wing configurations. 
 To begin analysis a drag polar was built for each aircraft using a Roskam component drag build-up.1 These 
drag polars were compared and can be seen in Figure 5. 
 
 
Figure 5. Drag polar comparison. 
 The flying wing from the drag build-up has a greater lift to drag ratio (L/D) than the Shark configuration. 
However, the wetted area and therefore overall drag force is higher for the flying wing. The drag polar did not offer 
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a significant advantage to either design. Another trade study was conducted on the ability for the platform to carry a 
model and model area.  
 The Shark concept has a straight forward model implementation. The model can be interchanged and 
allows for ease in testing different configurations. The flying wing would require significant integration of the 
airframe and model since the model would be part of the lifting surface of the wing. However the flying wing does 
offer some potentially unique testing conditions. The flying wing can be broken into multiple sections at varying 
sweeps. This would allow for multiple readings to be taken over different parts of the wing under different sweeps. 
Figure 6 shows the implementation of different models as well as zones of clean flow. 
 
Figure 6. Model implementation. 
 From Figure 6, one can see the potential test sections that each configuration could accommodate. The red 
zones are considered to have turbulent flow using a 15 degree of influence rule. The minimum chord for a test 
section was determined to be 2 feet, which was found earlier to provide sufficient chord for both laminar and 
turbulent flow. The unique test platform of the flying wing can be seen. Asymmetrical configurations were also 
analyzed offering the ability to take readings for any four desired sweep angles. However, the manufacturing 
challenges associated with the flying wing outweighed the potential benefits. 
 The flying wing being an unconventional design offered many manufacturing challenges the greatest being 
the ability to accept different model surfaces and support all testing equipment. The Shark concept kept the model 
separate from the necessary flight structure. This advantage as well as ease of manufacturing propelled the Shark 
concept forward.  
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Configuration Optimization 
 Once the conventional configuration was chosen, an attempt to optimize the span was performed. This was 
accomplished by finding the optimal span for a given 12 inch chord wing. This optimization was performed using a 
component drag build up from Roskam.1 Two separate cases were performed, one with no landing gear and another 
including landing gear. The clean configuration drag polar can be seen in figure 7.  
 
Figure 7. Optimizing the span without landing gear. 
 The red and blue lines represent the minimum and maximum spans for the trades study set at 24 inches and 
96 inches, respectively. The pink and black lines represent the maximum L/D and Cruise L/D for a 60 mph flight 
speed at sea level. The point at which the maximum L/D and cruise L/D meet was considered the optimum point and 
defined the span. The green line is the resulting optimized drag polar. For the configuration without landing gear, 
this optimal span was found to be 54 inches. By adding landing gear to the drag polar the parasite drag was almost 
doubled. A span optimization was also conducted for the landing gear down configuration and can be seen in Figure 
8. 
0 0.1 0.2 0.3 0.4
0
0.2
0.4
0.6
0.8
1
C
D
C
L
Drag Polar Clean
 
 
short span
long span
Cruise L/D
Max L/D
8 
 
 
Figure 8. Optimum span with landing gear. 
 By adding landing gear, the entire drag polar has shifted to the right with the increase in parasite drag. Once 
again the optimum span point was found by finding the intersection between Cruise L/D and Maximum L/D.  This 
optimal span was found to be 42 inches. This optimized span potentially offers the greatest L/D and therefore 
longest flight time. However, this span fails to capture takeoff distance and landing speed. At an estimated aircraft 
weight of 20 pounds, it is very likely that building the aircraft to this span and wing planform would result in an 
aircraft that would require a long runway and have fast touchdown speeds. These characteristics require expert pilots 
and do not have room for error.  
Powerplant 
 An initial powerplant was designed for an aircraft weight of 20 lbs. Another unique aspect of this design 
was the fact that the propellers had to be a sufficient distance from the model to allow for clean flow. With the 
model located down the center line of the aircraft, the powerplant had to be moved out along the span. This meant 
that the aircraft was going to have a twin, dual powerplant arrangement. The difference between electric and gas 
also became a design consideration. Electric offered some unique and important advantages including reliability, 
simplicity, and the ability to be turned off during flight and easily restarted. By turning off the motors, the 
instrumentation could take readings without the noise, vibration, and airflow caused by the motors. The designed 
motors are E-flite Power 60 brushless motors. These motors come with recommended prop ranges, speed 
controllers, and batteries. Each of these components can be optimized once the aircraft is built and flying to improve 
different performance aspects such as speed, flight time, and power. 
Stability 
 Stability became an issue with the chosen configuration. By adding a large vertical surface near the CG of 
the aircraft, controllability or lack thereof became a concern. Initial worries of the large vertical surface rendering 
the rudder ineffective and diminished controllability during crosswinds needed to be confronted.  
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 To handle initial static stability worries, the model was input into AVL and the static stability derivatives 
were found. The AVL model can be seen in Figure 9. 
 
Figure 9. AVL model. 
 Certain stability characteristics were taken from the AVL model and are listed in Table 1. 
Neutral Point Center of 
Gravity 
Static Margin Cmα CLβ Cnβ 
18.5 inches 16 inches 20% -2.22 -0.424 0.249 
Table 1. Stability characteristic matrix. 
 The AVL analysis proved that the aircraft was in fact stable. However, a small test flight was conducted on 
an inexpensive flight platform to ensure that a pilot could in fact control a similarly configured aircraft. A large 
square section of foam was placed relative to that of the chosen model configuration. This test aircraft can be seen in 
Figure 10. 
 
Figure 10. Flying qualities test bed. 
 This aircraft was flown multiple times, each in inclement weather. With the exception of the additional 
drag, the aircraft preformed very similarly with and without the added vertical piece of foam. This gave the team 
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some actual flight test satisfaction that the final product would in fact be controllable. A flight picture can be seen in 
Figure 11. 
 
Figure 11. First flight test. 
 With the configuration chosen, an in depth SolidWorks model was produced highlighting construction 
techniques with emphasis on materials and connections. 
Configuration 
 Figure 12 features the designed Shark concept. 
 
Figure 12. Configuration 3-view. 
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 The team chose to use SolidWorks for this process, as team members had background using the software 
and it would allow the team to modify the design in real time before actually manufacturing the aircraft. From the 
drag polar, lift over drag analysis of the aircraft, and weight prediction, the team chose an initial wingspan of 54 
inches. The team also chose a nominal overall length of 70 inches, which, from stability and control analysis of the 
aircraft, would serve the longitudinal and lateral stability of the aircraft with sufficient factors of safety. From 
propulsive analysis of the aircraft, the group chose 16 inch propellers, which in turn sized the height of the aircraft, 
along with the vertical tail and test section. Initially a tail-dragger landing gear setup was selected. This landing gear 
selection enabled sufficient ground clearance, as well as a good fulcrum point to rotate about upon takeoff.  
 
Figure 13. Fuselage body. 
  A „clamshell‟ or „hinged door‟ arrangement was selected as the method of fuselage design. This design 
allows the user to easily open the fuselage for maintenance, battery replacements, autopilot insertion, or any 
modifications that may need to be made to the internal subsystems or payload. The fuselage design also 
implemented a „keel‟, which along with the shell of the fuselage provided the structural rigidity of the fuselage. All 
major subsystems and data packages are connected to this keel including: the nose gear, batteries, receiver, wing 
connection, model connection, tail connection, and autopilot package. Materials chosen for the fuselage include: 
carbon fiber and high density foam for the shell, carbon fiber and balsa wood for the keel and subsystems 
connection points, high density foam for the wing mount, fiberglass tubes for the female model mounts, carbon fiber 
tubes for the wing connections, and a carbon fiber tube for the tail mount. 
 The wing design consisted of a carbon fiber wrapped main wing with high density foam core and high 
density foam control surfaces. These control surfaces were cut out of the main wing leaving sufficient surface area 
so that hinge connecters could be inserted into the foam. Two wing spar locations were cut out of the foam core and 
carbon tubes were inserted for wing bending rigidity. A third hole was cut out of the foam core in order for wiring to 
be routed through the hole from the engines and servos to the fuselage. This design methodology was carried 
through to the vertical and horizontal tails of the aircraft, which can be seen in Figure 14. At the tips of the wing, 
engine mounts were connected that were comprised of balsa wood capped, Kevlar wrapped tubes. These tubes 
would allow for mounting hard points for the puller engines. 
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Figure 14. Empennage configuration. 
 The empennage was connected to a female carbon tube, into which the tail boom would be inserted. This 
would allow for a rigid tail mounting system for bending. However, the team needed to further analyze torsional 
rigidity of the tail boom.  
 The landing gear was to be comprised of carbon fiber wrapped balsa wood with hard points inserted for 
wheel and fuselage connectivity. The wrapped balsa wood would ensure structural stability upon landing. The 
landing gear was sized so that a hard landing would not lead to catastrophic failure of the landing gear subsystem. 
 The solid model acted as an initial starting point of how the aircraft would be constructed. However, during 
construction several configuration issues arose, making for different construction techniques and significant 
structural changes. These modifications to the initial conceptual design can be seen in the upcoming construction 
sections. 
Initial Construction 
 To begin construction several different materials were examined and several different construction 
techniques were tested. These included laying up different materials for the wing skin such as fiberglass, carbon 
fiber, and Kevlar. Some of these layups were done with the use of a vacuum pump providing suction for the layup, 
while others were laid up without vacuum pressure. Different layup materials were also used such as Mylar and peel 
ply to create differences in surface quality. This same sort of testing was done for construction material such as balsa 
wood, honeycomb, and foam. From these initial test pieces, a few general conclusions could be made.  
 The first conclusion was that the vacuum pump is necessary to ensure that the composites are properly 
integrated with the construction material. Concerning composites, it was found that carbon fiber offered the highest 
strength to weight benefits. For our construction, it was decided that for complex shapes such as the wing and 
fuselage, high density foam covered in carbon fiber would be the strongest and lightest. For keel construction, 
carbon fiber covered balsa wood was the material of choice. Carbon fiber and fiberglass tubes were used in 
applications that required parts to be removed, such as the wing and test section. A fuselage test section can be seen 
in Figure 15. 
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Figure 15. Fuselage material test section. 
Figure 15 illustrates one of the many material properties tests. In this case, fiberglass and carbon fiber were 
applied to a half inch thick section of fuselage shell. From this test it was concluded that the carbon fiber offered a 
much stronger and lighter structure per surface area.  
Wing 
 The initial wing was built to do an aspect ratio trade study to analyze the flight qualities versus L/D for the 
concept. To perform this trade study, the initial wing was broken into several different sections allowing the span to 
vary from 4 feet to 8 feet. A picture of this wing can be seen in Figure 16. 
 
Figure 16. First iteration wing. 
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 The wing was constructed out of high density foam and fiberglass. This wing was constructed to the point 
of adding landing gear. When assembled, weight was applied to the wing and the entire structure twisted out of 
place. By cutting the wing into pieces and not gluing the spars into place, the wing was not structurally stable. At 
this point, the idea of having an easily changeable wing was discarded due to structural complexities.  
 To ensure that the wing area was sufficient for takeoff, another wing was built with a span of 8 feet and a 
chord of 9 inches. This wing would not have removable sections like the previous wing. The wing was originally 
planned to be made simply out of high density foam without any sort of composites. However, upon building this 
wing it still lacked the torsional rigidity and would twist out of position while sitting on the ground. To alleviate this 
twist, the wing section from the center body to the landing gear pods was laid up with carbon fiber. The layup of the 
wing can be seen in Figure 17. 
 
Figure 17. Wing layup. 
 This wing differed from the original concept in several ways. The two most noticeable are the reduction in 
chord from 12 inches to 9 inches and the increase in span from 54 inches to 96 inches. Since the aircraft takeoff 
distance and final weight could not be accurately analyzed the wing dimensions were chosen to match the estimated 
wing loading of other remote control aircraft. At an estimated 20 lb flight weight the wing loading was calculated at 
3.4 psf, which falls under the high speed warbird category of RC aircraft. The landing gear was also moved from the 
wingtips inboard by one foot. This was to allow for improved ground control while maintaining a sufficient distance 
from the test model to reduce any possibility of aerodynamic interference. 
Empennage 
 The empennage was constructed using a balsa wood lattice truss type construction method. The method 
was used in the most recent Cal Poly Design, Build, Fly aircraft and was a process that could be implemented easily 
and was readily available. The balsa wood truss was then covered in a monokote. The control surfaces were 
constructed in the same manner and were attached to the empennage using CA hinges. Carbon fiber plates were used 
to connect the empennage to the tail boom. To allow for a more modular design, the tail surfaces were not 
permanently attached to the tail plate. By bolting the empennage surfaces to the plate, the empennage could easily 
be installed or removed. 
  
15 
 
Fuselage 
 The fuselage structure and keel can be seen in Figure 18. 
 
Figure 18. Keel construction. 
 The keel was constructed out of balsa wood and carbon fiber. The tail boom attaches to the carbon fiber 
reinforced balsa wood blocks seen in the right of Figure 18. The wing is attached by rubber bands and carbon rods. 
The test section slides into two fiberglass female tubes, which are glued to the carbon fiber reinforced balsa wood 
block attached to the keel. The nose landing gear structure is located in the front of the keel. The fuselage shell was 
initially constructed solely of high density foam at a thickness of approximately one half inch. The nose cone was 
also constructed of high density foam. 
Landing Gear 
 The landing gear wheel fairings were constructed by laying up several carbon fiber layers over a premade 
fairing mold. These carbon fiber layers were then cut to the correct dimensions to house the chosen wheels. Carbon 
fiber tubes were then placed in holes drilled in the carbon fiber wheel fairings. This tube and fairing assembly was 
then glued to the landing gear pod. The landing gear pod was comprised of multiple pieces of ply wood, making a 
semi-aerodynamic trailing edge. The landing gear pods would also house the motor mounts and thus motors. The 
pods were built very rigidly as they would take landing loads as well as engine torques. The speed controllers were 
also attached to the bottom of the landing gear pods, as the pod provided a synergistic location for the controllers. 
This was due to shorter wiring lengths and closer proximity to the engines themselves. The speed controllers, 
attached to the motor/landing gear pods, were also placed in the free stream air to aide in cooling. 
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First Iteration 
  The first iteration can be seen in Figure 19. 
 
Figure 19. First iteration. 
 The overall construction was similar to the original solid model. The outer shell of the aircraft was one half 
inch of high density foam. The fuselage shell in this iteration had no structural importance and simply acted as an 
aerodynamic fairing for the keel, batteries, and other fuselage components. This picture was taken directly before the 
first flight attempt  
Initial Flight Test 
 After completing the initial construction process the team was ready perform an initial flight test. The team 
took the aircraft to Cal Poly‟s Educational Flight Range, where the flight was to take place. The aircraft was readied 
for flight by inserting the batteries and tape reinforcing the fuselage shell. The aircraft was then taken to the run up 
area of the field. On the first attempt at takeoff, the aircraft did not have a sufficient pitching moment to rotate for 
takeoff and thus sped off the runway. After some minor center of gravity alterations, the team again took the aircraft 
to the run up area. On the second attempt the aircraft‟s nose wheel locked up, having rotated too quickly and seized, 
after which the aircraft‟s nose dug into the field and came to a full stop.  
This flight test gave the team some very important information. The team realized that more robust landing 
gear were required, wheels that could withstand the high rotation speeds were needed, a more structurally stable 
empennage was required to withstand aerodynamic loads, and a more torsionally robust tail boom was desired. 
While the aircraft gained sufficient speed the tail and more specifically the elevator where not rigid enough with the 
keel. A new design was necessary for the structural connections between the keel and empennage. A video of this 
first flight can be seen in this YouTube video, http://www.youtube.com/watch?v=S3005xmtAzQ. From the initial 
flight test, a redesign was conducted to address the problems seen from the first flight test. 
 
17 
 
 
Final Construction 
Wing 
 The wing used in the first prototype was the only component to be reused for the second iteration. Although 
the first iteration did not take flight, the wing was not a contributing factor. However, there was some concern about 
the incidence of the wing in the first prototype. The wing on the first iteration was set with no incidence angle. For 
the second iteration, it was decided to set the fuselage wing saddle for a wing incidence of 2 degrees.  
Empennage 
 The empennage control surfaces used the same construction as iteration number one. The main structural 
concern was with transferring the empennage loads to the fuselage and keel. The half inch carbon fiber rod 
connecting the empennage to the keel failed to keep the system rigid. To alleviate this issue, a carbon fiber cone was 
to be built around the original carbon fiber tube. The cone/tube assembly would be rigidly attached to the keel. The 
new cone and keel construction can be seen in Figure 20. 
 
Figure 20. Second iteration keel and empennage structure. 
 The tail structure cone was built out of high density foam covered in carbon fiber.  The cone was hollowed 
out to save weight using the CNC wire cutter. The cone and hollow carbon fiber rod were permanently fixed to the 
keel structure using carbon fiber and epoxy.  
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Fuselage 
A fuselage fairing was constructed similarly to the tail cone, using the CNC hot wire to hollow out the 
shell. The resulting shell can be seen in Figure 21. 
 
Figure 21. Fuselage fairing. 
 The fuselage fairing was hollowed out with a flat bottom so the keel could be properly attached. Once the 
keel structure was constructed, it was glued to the fuselage fairing using 6 minute epoxy. The keel structure itself 
was built the same as iteration one with the exception of relocating a few components. The wing was moved as far 
aft as possible and the landing gear was moved forward as much as possible. This was done to improve the ground 
handling and provided more internal fuselage room for batteries allowing for greater CG control. 
  The carbon fiber tail boom tube would again attach to the keel, however, this iteration made use of a 
secondary structural support method. The fuselage shell, which will be discussed at further length, now became a 
structural member. The tail portion of the fuselage shell was high density foam hollowed out and layed up with a 
single layer of carbon fiber. This significantly larger diameter cone provided the empennage with a massive increase 
in torsional rigidity. 
Landing Gear 
 The landing gear also improved significantly from the first to the second iteration. The first prototype had 
trouble taxing and during ground roll on takeoff and eventually led to the landing gear failing. Several steps were 
done to ensure that the landing gear for iteration two could taxi and handle high speed take off and landing. The 
landing gear pods out on the wing were reinforced by three struts instead of one. This new landing gear set-up can 
be seen in Figure 22. 
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Figure 22. Reinforced landing gear. 
 The nose gear was also improved by a larger set of gear struts and a more forward position on the fuselage. 
By moving the gear forward the aircraft was significantly more stable on the ground. 
Second Iteration 
 With the above changes, the second iteration can be seen in figure 23. 
 
Figure 23. Second iteration. 
 The second iteration flew successfully during its maiden voyage. This flight can be seen in the following 
YouTube video, http://www.youtube.com/watch?v=WvH4YdtbyLY. The first flight was conducted in gusty 
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crosswind conditions. During this flight the test section was removed. The plane flew successfully for roughly 5 
minutes. The aircraft landed successfully and was ready for another flight test the next morning. 
 The morning following the first flight the second prototype was flown again, except this time with the test 
section attached. Once again the weather featured gusty 20+ mph crosswind. This flight can be seen in the following 
YouTube video, http://www.youtube.com/user/MrAells#p/a/u/1/S4ZhimJTUus. During this flight several interesting 
events occurred. During a pass the rudder began to flutter and in a matter of seconds was destroyed and blew off of 
the aircraft. This can be seen 4 minutes into the flight. Figure 24 shows the rudder after the aircraft had landed. 
 
Figure 24. Broken rudder. 
Fortunately only the rudder was destroyed in flight, allowing the aircraft to remain controllable. Had the 
horizontal stabilizer fallen apart, the entire aircraft would have been lost. The wing also became dislodged during 
this flight. The only material keeping the wing from completely coming off of the wing was the fuselage wing 
fairing. This became evident during the “crash” landing. In the video, as soon as the main landing gear touches 
down the wing simply folds over. After investigating the wing fuselage connection it was found that the wing saddle 
and connection pins had come off during flight. This damage can be seen in figure 25. 
 
Figure 25. Fuselage/Wing connection damage. 
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 This flight allowed us to discover several design weaknesses without losing the entire aircraft. This was the 
first major amount of luck the team had encountered during the construction process. Immediately following this 
flight the aircraft was returned to the lab and the overall structure was improved. 
Third Iteration 
 The tail was rebuilt and reinforced with sheeted balsa and carbon. This significantly improved the strength 
and rigidity of both the horizontal and vertical tail surfaces. The new tail can be seen in figure 26. 
 
 
Figure 26. Improved tail surfaces. 
 
 The wing mounting system was also improved by gluing longer mating tubes into the keel and fuselage 
foam core. The test model connections were also improved by bracing them with carbon fiber and balsa. This was 
done to prevent flutter issues concerning the test section. With these changes made the third iteration was ready for 
flight and can be seen in Figure 27. 
 
 
Figure 27. Third iteration. 
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The third iteration flew several hours after the second iteration took flight and can be seen in the YouTube 
video, http://www.youtube.com/watch?v=kyMfRzPePX8. During this flight the aircraft was pushed to maximum 
speed. The entire airframe was very solid with little to no signs of flutter or other significant structural issues. 
Several rolls and high speed passes were conducted, testing the controllability and performance of the aircraft. The 
flight was a success with a perfect landing and no structural failures. However upon opening the fuselage after 
landing it was discovered that the batteries had been pushed past their limits and were destroyed. The battery failure 
came as a surprise and required a reinvestigation of the power system. It is believed that the batteries failed due to 
the significant discharge rate for too long of a period and a lack of sufficient cooling. To alleviate these issues 
significantly better batteries were purchased. The original blown batteries were 5S Lithium-Polymer (LiPo) packs 
with 5000 mAh and a 20C discharge rate. The replacement batteries were 6S LiPo packs with 8000 mAh and a 22C 
discharge rate. By going to more cells the voltage increased from 18.5 Volts to 22.2 Volts increasing the propeller 
rpm‟s and overall power. With these batteries the speed controls became the weak link. The original speed 
controllers were set up for 60 amps. With the new batteries the current draw was increased to 70 amps. Luckily 
speed controllers capable of handling 85 amps were available and installed on the aircraft. At this point the aircraft 
wiring became the weak link. During a ground thrust test the wiring began to heat up rapidly. This heating not only 
became a safety issue as the potential for a fire became a possibility, but the heating was a sign that a significant 
amount of voltage was being lost along the length of wires. To alleviate this issue, the 12 gauge wire was replaced 
with 8 gauge high strand count wire. The power system has become a very complicated cycle and has yet to been 
fully optimized. 
 Several flights have been conducted with the new power system to break in the batteries properly. While 
the aircraft has yet to push the upper speed limits it is anticipated that flight times in excess of ten minutes and 
speeds of 100+ mph will be obtainable. During these initial tests, Dr. Westphal's initial flight test equipment is being 
incorporate into the aircraft.  
Future Work 
Test Equipment 
 The purpose of this aircraft is to allow for easy, quick, flight testing. With the flight platform gaining more 
and more flight hours, the testing equipment can be safely integrated to the aircraft platform. Once integrated, flight 
test data could be taken on a daily basis. Different test models can be easily replaced and different configurations 
can be taken over a wide range of speeds and flight conditions. This work will be conducted the summer of 2010. 
Optimization 
 Several key components have room to be optimized. For example, the current wing needs to be optimized 
for speed. Currently the aircraft takes off in less than 20 ft. By moving towards a smaller wing area this take off 
distance will be longer, however the top speed will increase. With flight recording devices and simple drag 
computations, this optimization can be done. With the modular design, it will be possible to fly with one wing, land 
and change to a different wing to optimize for a different flight condition.  
 The power system also needs to be optimized. By finding the right balance between battery life, electric 
motor, speed controller, wire, and propeller the overall efficiency and speed can be increased. Flight data recording 
will also improve the efficiency of the powerplant optimization. 
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Autopilot 
 Future developments of this platform point toward the implementation of an autopilot. For this project, the 
incorporation of a Piccolo LT Autopilot was investigated as a future system to include on the platform as a means to 
improve flight test capability. 
 The main drivers for an autopilot is the ability for the test platform to fly and hold certain flight conditions 
that a pilot on the ground would have difficulty holding consistently. This would lead to more reliable and consistent 
data obtained by the instrumentation on board. For example, holding a specific airspeed during a flight test is 
impossible for a pilot on the ground. However, with a Piccolo autopilot incorporated into the system a desired 
airspeed can be held quite easily. In addition to being able to hold flight conditions, the autopilot is able to record 
airspeed and telemetry data. This proves to be advantageous for data analysis as well as monitoring the overall 
performance of the platform. These features make the autopilot highly desirable to incorporate into the flying test 
bed.  
 The Piccolo autopilot is produced by Cloud Cap Technologies and has a variety of products available for 
small scale UAV's, like the test platform. The Piccolo LT Autopilot is capable of being incorporated into the aircraft 
due to its small size and relative ease of configuration. For the autopilot itself, the required components inside the 
aircraft consist of a 8-20 V DC battery, GPS antenna, Communication antenna, and a pitot-static system. On the 
ground, the system is comprised of a ground station and a PC. These components can be seen in Figure 28.  
 
Figure 28. Piccolo LT layout. 
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The Piccolo autopilot flies a path that is configured on the ground station. With this interface, the operator can select 
a flight path and flight condition and observe how well the aircraft tracks these conditions. 
 With the implementation of the Piccolo autopilot, the system needs to be configured to the aircraft it will be 
flying in. The process for the autopilot implementation can be seen in Figure 29. 
 
 
 
 
 
 
Figure 29. Piccolo autopilot implementation. 
 
 To begin this process, a model of the aircraft needs to be modeled in AVL first and foremost to ensure that 
the aircraft is statically and dynamically stable. Secondly, this model is used by the Piccolo autopilot to develop the 
proper control laws needed to fly correctly. Once modeled in AVL, a Piccolo simulation model needs to be 
developed using AVLCCT, a modified version of AVL by Cloud Cap, and a propulsion system needs to be 
incorporated using programs such as JavaProp or Propeller Analysis from Cloud Cap.2 Once a simulation model has 
been created, it needs to be tested using a Piccolo software simulator. This allows for the proper tuning of the gains 
on the vehicle to ensure proper performance. From here, the physical autopilot needs to be installed with its proper 
antennas and cables. It is also important that the unit is secured orthogonal to the body axes of the aircraft. Once 
integrated, hardware simulation and calibration needs to be conducted on the aircraft to ensure the aircraft performs 
as expected as well as ensuring seamless transition from controlled to autonomous flight. After this has been 
completed, the aircraft is ready to test the Piccolo autopilot in flight. The testing should begin conservatively to 
ensure the aircraft tracks desired paths properly. Once enough confidence is placed in the test platform to fly 
autonomously, instrumentation can then be placed on the aircraft and begin data collection. More information about 
Piccolo autopilot integration can be found in the Piccolo autopilot documentation from Cloud Cap Technologies.2 
These documents must be reviewed before attempting to integrate the Piccolo autopilot onto any platform. 
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Conclusion 
 Several aircraft iterations have been preformed with the current aircraft fully flight operational. Speeds of 
over 60 mph have been achieved with the potential of speeds in excess of 100 mph in the near future. The aircraft 
has been proven to be fully controllable and relatively easy to fly. The modular design allows for easy disassembling 
and component replacement. The design and construction has been a very enlightening process with a lot more to 
learn, specifically in optimizing the powerplant, wing area and attempting to reduce the overall weight. With the 
implementation of flight data recording devices the optimization results will become more apparent. The next step is 
to add the BLDS and begin recording aerodynamic characteristics. 
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